A submerged arc welding, flux system of TiO2-Al203-CaO was selected for the study. TiO2 in the flux can improve the quality of weld, in terms of mechanical properties. It can also enhance the heat input and penetration. This paper establishes a procedure of flux composition selection for multi properties optimization of weld. L9 orthogonal array was used to design the flux. Three responses vickers hardness, impact strength and ultimate tensile strength were measured at 32 volt and 34 volt respectively. A hybrid method combining grey, fuzzy and Taguchi approaches was implemented. By using this approach the experimental results of three properties were integrated to a performance index. The result of the study shows that performance index improved 15.72% &11% at 32 volt and 34 volt respectively.
Introduction
Submerged arc welding is a mechanised process. Here heat required to fuse the metal is generated by current passing through electrode and work material. A very thick material plate can be joined by this process in a single pass. A lot of research is required to get the best quality weld, because so many factors were involved. These are the process parameter and the constituents of flux. Basically two types of flux are popular in SAW, fused and agglomerated. These consist of MnO, SiO2, Na2O, K2O, CaO, MgO, Al2O3, TiO2, FeO and CaF2 added together with binder potassium silicate/sodium silicate. The basic oxides are CaO, MgO, BaO, CaF2, Na2O, K2O and MnO, while SiO2, TiO2, Al2O3 are the acidic oxides. The ratio of all basic oxide to the acidic oxide is known as basicity index of the flux. Low basicity index flux posses better current carrying capacity, slag detachability and weld bead appearance but the mechanical properties and crack resistance of weld are poor. High basicity index flux produce better mechanical properties and resistance to cracking in weld, but their bead appearance and current carrying capacity is low. Silica plays important role in the weld pool by increasing the viscosity of the pool. It also oxidizes aluminium in the molten steel by which the chemical composition varies. Best substitute for silica in the steel is rutile. It reduces the viscosity up to optimal level and it is added in the flux for better bead appearance. It promotes the formation of acicular ferrite and refines the grains that increase ductility and toughness of weld metal. This is the acidic components of the flux [1] . The effect of heat input on microstructure and tensile properties of HSLA weldment produced by SAW with 30% of SiO2 and TiO2 flux were studied [2] . The acicular ferrite was detected in weld of fluxes having high contents of TiO2. The yield and ultimate tensile strength seems to be influenced by its presence [3] . In TIG welding SiO2 flux can increase the arc voltage while TiO2 has no effect on arc voltage [4] . The non active flux promoted the formation of pearlite and ferrite in the weld having highest toughness and ductility, where as active flux with Cr and Mo promoted the formation of acicular ferrite and fine carbide in the weld, with highest tensile strength and hardness [5] . Fe2O3, SiO2 and MgCO3 kind of flux was used to investigate the effect of activating flux on aided gas metal arc welding. The result shows that the activating flux aided GMAW has increased the weld area and penetration and tended to reduce angular distortion of the weldment. MgCO3 in the flux produced most noticeable effect [6] . The effect of wire/flux combination on chemical composition, tensile strength, and impact toughness of weld metal were investigated and interpreted in terms of element transfer between slag and weld metal. Basic flux yield less negative ∆ C and ∆ Mn through the reduction of oxygen content in weld metal and higher Mn activity in the slag. Transfer of silica is influenced by Al2O3, TiO2 and ZrO2 content present in the flux [7] . Design, development and optimization of flux mixture for submerged arc welding of HSLA steel by constrained mixture design and extreme vertices design is used to formulate agglomerated flux. The same is used to study the effect of flux constituents on various mechanical properties of weld metal [8] . Cost effective and high performance agglomerated flux is developed systematically and scientifically for the submerged arc welding of stainless steel. Taguchi L9 orthogonal array was employed for conducting the experiment and analyzing the effect of process parameters on bead geometry of the weld using these developed fluxes [9] .
Fuzzy inference system is very effective optimization tool used for converting multi response system in to a single output index. It uses Mamdani type fuzzy interface for the model. This system gives output which if required can be converted into crisp value by the use of defuzzification. Fuzzy logic and desirability approach were applied to optimise the input parameter considering multiple output variables [10] . Grey fuzzy multi objective optimization of process parameters for CNC turning of GFRP/Epoxy composite was carried out effectively [11] . Grey based fuzzy logic is used to solve multiple response optimization problems in the field of flux cored arc welding [12] . A neurofuzzy approach is used for increasing the productivity in the gas metal arc welding processes [13] . Fuzzy logic in Taguchi method is very effectively used for optimization of submerged arc welding process [14] . Based on above study it can be said that this hybrid method is useful for such type of analysis.
DESIGN AND EXPERIMENTATION

Design of flux by using Taguchi Method
Taguchi design of experiments is a simple and systematic approch that can reduce analysis to an optimal level. For present study three factors were selected to design of flux with their three levels. Selection of orthogonal array is based on degree of freedom. Degree of freedom for each factor is one less than level of a factor. In present design, total degree of freedom for all three factors becomes 6. Degree of freedom for each three factor is two, and two degree of freedom was fixed for error term so total degree of freedom becomes 8. Number of experiment can never be less than the total degree of freedom. Due to this L9 orthogonal array as shown in fig.1 Other flux constituents such as Al2O3, TiO2, CaO, CaF2 were taken in fixed ratio as shown in table 3. Method of agglomeration was chosen to prepare total two kg of flux for each combination. All the constituents were dry mixed first in a big container with ten steel balls of 10mm diameter. Heated potassium silicate, was sprayed into the mixture in 2:1 ratio. Same mixture was then thoroughly mixed again for some time. This process was repeated until the binder potassium silicate and other constituents form the granules. This mixture was dried at room temperature for 36 hrs and then it is baked in muffle furnace at approximately 700  C for 3 hours. To remove the dust from the flux after cooling, the mixture was passed through the sieve of required size and kept in air tight containers. The flux was baked again in muffle furnace, before the use, up to 450  C for half an hour to eliminate any possible trace of vapour. 
Methodology
The adopted procedure for this study is shown in fig .1 , where all the steps are explained starting from the selection of flux constituents followed by flux preparation by agglomeration method. Experiments were performed as per the design. Responses were measured from the prepared samples. Analysis was performed on the responses measured based on GRA and FIS. ANOVA and Taguchi analysis was applied to get the percentage contribution and optimal combination of flux constituents.
S.NO
Design matrix L9 orthogonal array
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Experimental Procedure
Submerged arc welding machine that uses constant DC voltage for welding, was used to weld the mild steel plate of IS-2062 grade-A (ASTM-A36) having dimensions 300 x 150 x 20 mm. Wire electrode of 3.15mm diameter of grade EL8 DIN8557: SI was used to prepare groove joint having bevelled angle of 45 0 as shown in fig.2 . The welding conditions that were, kept constant throughout the experiment are shown in the table 4. Three to four layer high weld passes were made for all TiO2 base fluxes of at the two different voltages i.e. 32V and 34V. The chemical composition of base plate and electrode wire is shown in table 5. The machine had the provision for automatic wire feed rate and welding speed. To remove the rust from the surface, plates were mechanically cleaned with a brush, before the welding was performed. A 10mm backing plate was attached to the main plates. After sectioning the plate impact strength test specimen and tensile test specimen were taken and prepared as per the specification AWS 5.17 as shown in fig 2. Each experiment of L9 orthogonal array was repeated at two levels of voltage i.e 32(V) and 34(V). Result of mechanical properties-VHN, IS and UTS are tabulated in tables (6) and (7) for 32(V) and 34(V) respectively. Table 4 Welding Condition parameter Table 6 Mechanical properties of weld at 32 (V)
S/N Ratio calculation from response
There are some uncontrolled factors they affect the output of process. These factors are called noise factors, where as our derived responses are termed signal. The variation of index is known as S/N ratio. This is basically of three types such as lower is better, higher is better and nominal is better. The present study vickers hardness i.e. VHN, impact strength i.e. IS, and Ultimate tensile strength i.e. UTS were the responses measured for different samples. For the weld to be of good quality hardness, impact strength and UTS must be on the higher side. Higher is the S/N ratio smaller is the deviation. "Equation (2)," is used and results are tabulated in table (8) and (9) for 32(V) and 34(V) respectively. Table 8 Response in terms of S/N ratio 32v Table 9 Response in terms of S/N ratio 34v Table 10 Normalized S/N ratio, Deviation, GRC and GRG for all response at 32v. Multiple performance characteristics problem can be solved very effectively by using grey relation analysis based on the grey system theory. Depending on the data available various methods are applied for data pre-processing. The various steps of grey relation analysis are:
Grey Relation Generations
Under the Grey relation analysis, the first process is grey relation generation, generally known as data processing. The available information is processed, depending upon the case such as larger is better, smaller is better. The equation used for smaller is better and larger is better is shown by "Equation (3)," and "Equation (4)," respectively. For this study larger the better is used
In the above equations xi (n) is the calculated value of the grey relation generation. yi (n) is the value of particular response signal to noise ratio in the sequence. Max yi (n) and Min yi (n) are the maximum and minimum values of signal to noise ratio respectively for the i th response.
The second step is to calculate the deviation for each response. That is calculated by deducting the each response normalised value from 1 as shown by "Equation (5),"
From the normalized deviation data which is presented in table (8) and (9) . The grey relation coefficient is estimated. The equation used for the calculation of grey relation coefficient is expressed by "Equation (6),"
(6) Where Δi min and Δi max are the absolute minimum and maximum value of the deviational series and Δ oi is the absolute deviational value of ith response and Ψ is the distinguishing coefficient and its value lies between 0 to1. The assumed value of Ψ is 0.5.
The third step is to Calculate GRC Fourth step is to calculate single score called as GRG (grey relation grade), for each experiment. In this study, in spite of just taking an average of all GRCs for an experiment fuzzy logic is used.
Result for normalised S/N ratio, deviational values of GRC for each experiment and response along with a single GRG score are tabulated in table (10) and (11) at 32(V) and 34(V) respectively 3.2 Fuzzy Logic Analysis
The theory of fuzzy logic was introduced by Zadeh [15] . Dubois and Prade [16] gave the fact about fuzzy logic that exchange information to conclude a proposal similar to the consequence from proposition similar to the earlier event. It is mathematical theory that permits the human reasoning process in a language term such as hot, very hot, cold and very cold. This type of system is very comfortable to establish the relationship between input and output. Industries are modelling their complex systems difficult to model with the help of fuzzy interface systems.
In this study, GRG is calculated by using fuzzy (mamdani) interface system which is shown in fig no 3 . The main components of the fuzzy interface system are fuzzifier, an interface engine, a data base, a rule base and defuzzifier. 
Member ship function for GRC and GRG
The input to the fuzzy interface system is grey relation coefficient of each response i.e. GRC1 for vickers hardness, impact strength and ultimate tensile strength and so on for GRC2 and GRC3. The crisp value of each coefficient is fed into the system. The fuzzifier uses this grey relation coefficient value to fuzzify with the help of membership function. The membership function of each input and output is first decided and its value is in the form of linguistic language. Three trapezoidal membership function as small, medium and large are taken for each input of this FIS. Five triangular member ship functions are chosen to characterize the GRG or MPCI fig (4) and fig (5) represent the shape of input and output membership function used in this FIS model respectively. 
Application of fuzzy rule
The rule base contains various numerous fuzzy rules. In this study fuzzy rule base consists of a group of (if-then) control rules with the three values GRC1, GRC2and GRC3 and one multi response output i.e. GRG in the form of MPCI. The rules are Rule 1: if GRC1 is K1, and GRC2 is L1 and GRC3 is M1 THEN GRG is N1, else Total twenty-seven fuzzy rules are directly derived based on the fact that higher output is better for process response. A grey fuzzy multi response is produced from these rules by using max-min inference operation. These are shown in fig (6 ).
Fuzzy interface system
The data base that has the information of membership function of input and output takes the data from input members GRC1,GRC2 and GRC3. It is a decision making unit which interface the operation based on the rules and also tranafer data to the defuzzifier interface which converts the data into the crisp value based on logical unit. That is coming out to be the grey relation grade and in the FIS system, it is shown by MPC1 in fig (3 ).
RESULTS AND DISCUSSIONS
Grey relation grade for multi response result calculated by fuzzy interface system is shown by the last column of table (10) and (11) at 32(V) and 34(V) respectively. As per the requirement of the analysis highest value of GRG is the best result. Hence on the basis of this analysis at 32(V) experiment number 1 gave the best result and at 34(V) experiment number 9 proved itself to be the best. The effect of each flux constituents on grey relation grade at its different level can be analysed by the orthogonal behaviour of experimental design. Mean of grey relation grade for each level of flux constituents can be seen in fig.7 and fig.8 at 32(V) and 34(V) respectively. These figures summarized the effect plot of each flux constituents and total mean value of grey relation grade as shown by a dashed line.
The optimal combination can be determined by selecting the levels having highest GRG score for each flux constituents. The optimal levels at 32V are A1B2C1 and at this optimal combination the flux constituents produce the better mechanical properties of weldment. On the other hand at 34V optimal combinations are A1B1C2 and on this optimal level the flux constituents produces the best result.
ANOVA results in table 12 indicate that at 32V most significant factor is MgO with 45 % contribution followed by MnO with 40% contribution Nio is least effective. Whereas max-min difference in average GRG scores for each flux constituents shown in table 13 also support the ANOVA findings. Table 12 Result of the analysis of variance for the grey relation grade at 32V 
CONFIRMATORY TEST
The final step is to verify the result based on the performance of hybrid grey fuzzy Taguchi method. Table 16 and 17 shows the comparison of initial condition of responses on the initial level of selected flux constituents and the optimal condition of experiments suggested by the hybrid method of approach. The estimated grey relation grade (GRG) ηOPT is calculated by the use of "Equation (7),"
In the above equation ηOPT is the optimum value of grey relation grade at the selected optimum level. ηm is the overall mean of grey relation grade ηi is the average value at the first optimum level and so on.
Results of confirmatory experiment performed at 32V shows that vickers hardness has improved from 161 to 180, with impact strength improved from 128 to 135 whereas in ultimate tensile strength a tremendous gain of 135.8 is observed. Its value has improved from 184.2 to 320. At these suggested optimal level for 32V an overall improvement 0.131 is observed in the value of GRG score. This 15.72% improvement in GRG score proves the overall results are better.
From the analysis at 34V as shown in table 17, there is an improvement of vickers hardness from 172 to 190, impact strength from 58.66 to 100 and ultimate tensile strength of 218.6 to 290 is observed. The overall improvement of GRG score is 0.093 which is around 11% improvement.
CONCLUSION
From this study following conclusions are drawn-1. Overall hybrid approach is better and useful method to optimize the multi response system. 2. Multi-objective optimization is done using Fuzzy interface system for mechanical properties of weld metal. 3. Most significant factor at 32V is MgO followed by MnO similarly at 34V most significant factor is again MgO followed by MnO . 4. Confirmatory result shows a clear indication of improvement in mechanical properties of weld. Table 16 Result of confirmatory test at 32V 
